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Abstract 
The fabrication and experimental characterization of a microinjection molded piezoresistive polymer 
accelerometer is presented here. The simplicity and low-cost of the fabrication process are a major advantage of the 
proposed alternative for the fabrication of microaccelerometers. Also, the compatibility with injection molded 
technologies enables direct integration of the devices into complex structures. 
Accelerometers have been fabricated using thermoplastic material (POM). The main structure of the 
accelerometer consists of a proof mass connected to an external structure by four arms. At the end of each arm, a 
pizoresisistive material is used for transduction. A Wheatstone bridge and an amplifier are used to measure the 
accelerometer output. Fabricated devices show a sensitivity of 56mV/g, a resonance frequency of 270Hz and a 
dynamic range of ±37g. 
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1. Introduction 
Polymer based accelerometers have already been proposed in literature, either using a proof-mass  
[1-4] or thermally operated [5, 6]. While in [1, 2] photosensitive polymers are used as the mechanical 
layer and geometry is achieved using standard photolithography, in [4-6] active materials are deposited 
and patterned on polyimide and assembled using polymer parts. In [3], injection molded liquid crystal 
polymer is covered by metal layers for the realization of capacitive accelerometers. The work presented 
here introduces polymer accelerometers that are fabricated using a single microinjection molding cycle 
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(no further steps are required). The main goal of this work is to check whether polymer technologies can 
be an alternative for low-cost sensors. 
2. Concept and material characterization 
Two different approaches are proposed here for the fabrication of polymeric proof-mass 
accelerometers (Fig. 1). The first approach (Fig. 1a) is used as a test vehicle to prove the feasibility of a 
polymeric accelerometer and uses commercial available micro strain gauges (LYx 0.3/120 from HBM) 
inserted during the microinjection step (the strain gauges are previously glued and placed in the mold on 
special pad regions and the polymer is microinjected on top of them) as the transduction mechanism. The 
second approach (Fig. 1b) uses a bi-material microinjection scheme to fabricate the accelerometer. The 
functional material (in black in the figure) is a polymer (POM) mixed with CNTs. Copper pins inserts are 
placed in the mold previous to injection to guarantee the connections to the outside world. Size of both 
devices is around 17x17x2.5 mm3. In both approaches the piezoresistive elements are placed at the end of 
the supporting beams where the stress is high. 
a) b) 
Fig. 1. Schematic of the two accelerometer approaches using a) commercial strain gauges and b) injection of bi-material. 
Initially, a study of the electrical and mechanical properties of POM with different percentage of 
CNTs was performed to check the feasibility of the material for the fabrication of the piezoresistive 
elements. The results of electrical and mechanical tensile tests are presented in Figures 2 and 3. As 
expected, resistivity of the functional polymer decreases with increase in CNTs percentage. The gauge 
factor also decreases, and the measured values suggest that only geometric factor is involved in the 
resistance change (Poisson’s ratio decreases with increasing CNTs percentage). Taking into account that 
higher percentage of CNTs makes the processing of the polymer more difficult during the microinjection, 
a percentage of 3.5% of CNTs is suitable for sensor fabrication. 
 
Fig. 2. Results of electrical tests of the active polymer for different CNTs percentage. 
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Fig. 3. Results of mechanical tensile tests of the active polymer for different CNTs percentage. 
3. Accelerometer fabrication and characterization 
After the design and fabrication of the mold, accelerometers were fabricated in POM using a 
microinjection molding machine - Boy 12 A/M (Fig. 4a). Just the accelerometers using the commercial 
strain gauges were initially fabricated (due to the simplicity of the mold) for proof of concept. 
The accelerometer active elements (strain gauges) were then placed in PCB in a half active 
Wheatstone bridge configuration connected to an instrumentation amplifier (IA) with a gain of 1000. The 
output of the IA was further connected to another amplification stage with a gain of 10. The full system 
(accelerometer plus conditioning electronics) was then placed in a shaker for accelerometer 
characterization. 
Fig. 4b shows the frequency response of the accelerometer plotted using data acquired at a constant 
acceleration of 2g. The accelerometer presents a resonance frequency at 270Hz, and a quality factor of 34. 
Next, the accelerometer prof-mass was manually pressed and then released and the step response of the 
accelerometer was acquired (fig. 5a). Finally, the response of the accelerometer was acquired for 
increasing acceleration (fig. 5b) at a frequency of 110 Hz. A sensitivity of 56mv/g was obtained. 
a) b)  
Fig. 4. a) Photograph of fabricated accelerometer with commercial strain gauges; b) frequency response of the accelerometer. 
4. Conclusions and Future Work 
The design, fabrication and experimental validation of a piezoresistive polymeric proof-mass 
accelerometer were presented here. These first results demonstrate that polymeric technologies can be a 
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suitable alternative for the conventional silicon microdevices, especially for extremely low-cost 
applications where performance is not critical.  The fabricate devices have limited damping mechanisms 
(Q factor of 34) and long-term stability and reliability of the devices still needs to be accessed in the 
future. Main designed and measured characteristics of the accelerometers are presented in Table 1 with 
good agreement between them. 
 a) b) 
Fig. 5: a) Step response of the accelerometer; b) sensor response on acceleration. 
 
Table 1: Main accelerometer characteristics 
Characteristics Designed Measured 
Resonance frequency 200 Hz 270 Hz 
Dynamic range ±40 g ±37 g 
Sensitivity 69 mV/g 56 mV/g 
Resolution - 50 mg 
Quality factor - 34 
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